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RL511LT5 OF TIIE 1~ AL- hAr IOWL LABORATORY FREE-ELECTRuh LASEk EXPEk IPXftT*

R. h. harren~, B. E. hewnsm, L. H. Young, J. 6. hinston, h. E. Stein, C. A. Brau
Los Alems National Laboratory
Los Alarms, kMWiCO i37545

Abstract

An t~periumit to test & h:gl+pauer, hlgh-
etticlefic} fret+lectron laser (FLL) is being con-
ouctea. Tn~ principml components mre describes
arlo preliminary results me presenteo.

lntroouction

A fkL IS a oevice for coriverting the kinetic
erl~rs~ d w eltctrcm be=. into llyht. lt has the
pbtentlal for high pber ma high ●ffiCieMCj tno
shublc DE brcibalJ tur,hblg In ~avelength. suCh a
laser has :irst propase] LIJ anooperateu [2J by
hda~) Ma Rls conorkers. Itkarkea at ltm effi-
ciency ana relatively lti pmer becaus~ of gain-
luiiillrib saturation tffects. Since thest plWker-
lIIy eftctrts, Hadey has perforsku new MeaSurWl~ntS,
L~J, ank Lhr~u groups [4,5,6] hithin tne Unites
Slatts have dtt~ipted to salve tht saturation
prbblvc, alla to hark tanarus higher efficiency and
poher. The thl%e groups all have built @lifier
(not ldser) experiments in which a laser and ●lee-
truh hcdl art simultaneously fausea into a c-
PIUII %iygler” nlagnetlc structure in such a way
that, during their interaction therr, palt of the
eleLLrof,s’ ●nergy Is ●ntracttd and transferred to
tlr!laser b?am. The ~lifler configuration 1s
$in~,ler than thtt of a laser but still allaks
ekan.inatiurl Oi the interaction ot interest. Use
of high-poher electron aM laser beams causes the
llltrr~ctlol, within in the wiggler ta be strong and
Its effects upon the brains to be unenmiguaus,

bklon WLIwIII UISCUSSthe major c’iqronents
USLIU in the LtIs kldms eaperlnwt ana the spcctal

rtqblrenwnts armawcil of Lhem. Me will then
brlully prrsent uur preliminary rwults.

hdjar L’mKIonvnt b

lhu effi~i~ncy af energy extraction frurr thu
@ls!Ltrun 1111.w. Oepenm dirwtly upon Lhc intensity
of ltw law brain. 11 1s, thercfrre, drsirallle
tJ USC’ a Idail’r of thr highest possiblr fxmr and
to facut 11.IIILU the interaction region in the
q)ltll.~l,nldl,l,t.r, huluiny akrratf~s In ttw baem
C1OSQ to the ❑fnhmsn po$slble. 10 dcc~ltsh
tht%, wu PMPIUY a luu-lwer, pulwcl munochrmatic
CUZ Iaserwtlh kevm anqIlifying stages carefully
ranlrullrd w that lhu re~ultlny !- to ?-GM bc~
is fMu$able tu c spat slzr CIOSU to th@ dlffrac-
tlun Imltm

WI perform d unucr the wbp!ces of the lb
Llrpartnwnt of I.nrrgymith the s~orl uf the Alr
Furcu Ufflcc af h~trntlfl:, Research, tk Wrnsr
AUVNU,CII Mrmarch ProJcct% Agtmy and the Naval
Afr Systms CQIW,

flnduslrial Staff ber frw Urslt~busw

ftcse~rch Laburalory.

Th~ optical gain reallzea by our FEL arfili-
fier aepenos linearly upon the electrbn Bta- cur-
rent that can be facusea into the interaction
region ano that alSO fits lnSiae the cone of lastr
light. These requirum.dnts far high current ano
excellent focusabllity can preser,tlj be n-t rr.lj
by linear accelerators af ●~cellent oesibn ttltit
operate at ●nergies above ‘2fI Hd. bP haw LbIIL
sucn an accelerator. It aelivcrs a pulses lch’
uf l.&& aierag~ current bith aaeakate tc.cusd: 11-
itj, that 1s, eatittance less tnan 2F ~-.-rac, tI.’

enertu weaa of less than *; .

Botn beams use ccmplek trarisLc.rl Sjstlrh
those primary purpose is tb atlii~r the kl!ctr.’!
to the wiggler interaction region bith t!.c ccrr~::
faCuS ana corw angles but Otherhiw urm.~alll~~ 11.
quality. In aa~ltion, the electron transrcrl $,:-
terrl incluaes d set of silts that allohs strdEFlll S
electrons to be lIIWC@ed, furlhrr reducirk th
energy spraaa to ●1/4”..

The wiggler Is an assewbly of several h~rcrrc
pemlanent magn?ts acsignea to fwcr trw rlectrtl
bean, to unaergo sizable periodic trdnsvrrsr cwll-
lations. The laser light can Interacl wltl: thl
electrons only through their transve’ze rrxtlcm am]
only if the period of th~ wiggler, the havelrngth
of the laser, and the ●rmgy of the electror: drt

in ‘resonance.” Strangmagncllc flcltt aru nrcktt’
ta optimize the Interactfcn. lhc length (d tm
biggler Is a cruci~l parameter th~t shoulll IIU
large to increase the lenglh of time thr lwdn~
interact but that shoulri be small to alllm a ttarl’
tocus of the laser beam. Theru is an optuw
Iengt$ that, undrr our canaitions, 1s about 1 r..

Uith ●ajor conponent% that prrfonn will, III
nmst crucial feiturr of thv cnpcrlnml 1$ 11,1
spatial and teepor~l allgrunent of the two boflnx
with each oth~r and with the gwshetrfc and mdq-
nettc axes of Lhc wiggler. tic have sprnt consll!-
ernblp effort 10 make thesr allqrmrrt prnui:ur{$
canvvnicrrl andprerlsp. lhe Wqmral wiallw of
thr twrI Pulwu Iwmas arc” 5 ns (tUtlf4), that is,
about 7 m lung, Ilmfn &Ju\irm~nts tu drhitwr

\gnud lunqttudinal over ap ●rc accampliwra by
MUV~w d set of mirrors to vary thr palh of lhr
Ia>wrbcmnunttl the of,rtimm pulse overlap is
abtainefl. Transverse b@mI aliglmmnts Withi,, thv
wtvylvr must bP ●ccurate to wlthtn lf.1 to 0.7 m
and ar~ Much mm difficult to accml~%h. lht%
t, largely due tc the difficulty in pd%stq! lhII
●lectron fmm thruu

r
the wlgglrr in a lint! .fr*l

ii straluht towlthn ‘0.1 sm. Forc@s cau$lng
signlfkmt curvaturr Irwludp ttv fOllmdi.1 :

1forces fra theearth’s or othrr stray flc ds,
upak forcm In the body of thr wiggler caumd by
Monunffommaqnet> there, unbalanced magndic
fnrces causpd by thewlggler’s mavnets a~ Its
●ntratwe, and forces caused b th? graufmts of

Tthe WI gler’s ffelds If thr ● ectron bra is akd
!off-an s in the ~lggler.

.
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He have systematically reduced these forces
as follows: forces from stray fields have been
reauced by surrauncling the wiggler with an iron
shield. The wiggler has been assembled from SetS
of magn~ts matched in properties so as to cause
only insignificant unbalanced forces in the body
of the wiggler. The entrance and exit regions
have been designed so that forces introduce no
gross curvature to the electron beam. Adjustable
magnets in these regiar,s provide the opportunity
for fine tuning. To achieve this tuning we have
threaded a fine wire through the wiggler and have
supplied it with a current calculated to force it
into exactly the same path as the electron beam.
This wire has been carefully examined and the
movable magn~ts have been set in their optimum
posltians. The overall displacement of the wire
fronl a straight line then has been faund to be
less than LI.1 mm when the wire is centered in t~e
wiggler’s aperture, that is, on its geometric
axis. In a similar way, we have shokn that if thr
wire (or electron b.+am) is displaced from this
a)is it will be bent by forces generated by field
graaient:, forcing it to oscillate around the
akls with a wavelength approximately twice the
kiqgler’s length. This oscillation must be maae
very srmall in amplltuae to provide good averlap
Of the electron and laser beams,

Ta accomplish this crucial alignrrwnt step,
we t,ave used a low-power Hetie Iascr beam that is
carefully aligned with the C02 laser beam. The
Hehe beam is directed along the wiggler axis and
viewed on a screen at the far side. At each end
of the wiggler, movable cross hairs have been
accurately positioned on the nxis. The HeNe laser
is therl aimed through the cross hairs so thht
their images Are centered on the viewing screen.

Uithin the wlgyler, the HeNe beam is viewed
on tl’ree fluorescent screens (entrance, Middle,
exit) tl,at art! movable onto the axis of the wig-
gler. The Hetie la~er beam is intercepted by these
zcreens and presents threr targets for the elec-
tron beam that are at the samv time exactly on the
dxls of the wiggler and repr?sent the path ful-
Iowed by the CU~ laser bean), Several sets of
c]ectron bcanl-sttlering coils are usual to force thr
el~ctr’on beam to h)t each of its. tarycts, Thit
procedure has proved to be very conv~niect, buL
it assures drily that the electron beam passes
tl]ro~jg)lttlr~e poi,lts that art’ 011 ttlp wiqgl~!r’s

ahis 3nd CUIImllUIIwith the Ci.r;Ilaficr beam. AIIy
:em’ldnt cuvvdture between thrsu polnt$ can br
rumov~,u by L(!n spts (,;maqnctir “trim” CO I IS

plountr(l aroupd the wiqgier

Re$ult$——

Inl,rqy vqtract ion nwcr<urwnrnl$ have lrrIIII
prr!orwuu on the elOctr(JrILrrctm;,arl,loptical gain
nlc~$urcm[,nt> arc in pru!;r.,s$. llIr optical mcas -
uremrnts are c,ompl~x, anu tllr throry bthinu thum
~S describud el$ewqe;-c. [~] lhe ple~tron b~aln {s
vxaminwl in a simple manner using a ma rlctlr,spwc.-
!rcrmrtcr, !a fluore>~enl Screcll, and a V c~~ra.
The ~ffcct of the interaction on thr rlectron beam
is tu incrcas? its enrruy sprrad from thr original
valur of lrss tha!l IT to morr than ILl~ and tu
shift ii,> avrroqr vfrlllrul) or dOWII a few pvI cetlt,
Up Ilavt already otr$crved hull) of thrso rfftwts and
er~ nuw r!lyro$tvd in drtal led examinations 01 thr

rich structure revealca. Aaaitior,al, more recect
results will be presentea at the meeting.
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